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157] ABSTRACT

A light modulator for modulating a light beam which
emerges in the shape of a cone from an optical fiber.
The modulator has a mirror which can be brought into
at least two different states. In the one of these states,
the light diverges in such a way that only a small por-
tion returns back into the fiber. In the other of these
states, however, more of the light returns back into the
fiber. In one embodiment, the mirror is embodied as an
etched semiconductor foil and is deformed by the force
of a variable electrostatic field between the foil and an
electrode which has been placed on a substrate.

12 Claims, 2 Drawing Sheets
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1
MODULATOR FOR A LIGHT BEAM

FIELD OF THE INVENTION

This invention relates to a light modulator for modu-
lating the intensity of a light beam emerging from an
optical fiber, and, more particularly, to a light modula-
tor having a mirror disposed in the optical axis, which
reflects the light beam back onto 1tself.

BACKGROUND OF THE INVENTION

~ An optical reflection modulator 1s known from Ger-
man Patent Publication DE 40 31 970. Here, the light
emerging from the blunt end of an optical fiber strikes a
mirror disposed orthogonally to the fiber. This mirror
reflects the light back onto itself, creating a standing
wave 1n the manner of a Fabry-Perot resonator between
the reflecting fiber end and the mirror, provided their
distance from each other corresponds to a multiple of
half a wavelength of the light used. By changing this 20
distance, particularly by displacing the mirror, the
Fabry-Perot resonator can be detuned and the intensity
of the light can be changed.

The described modulator is of a relatively simple
design and has good modulating properties. However,
it is dependent on the absolute value of the distance
between the fiber end and the mirror, which changes
because of many effects, for example, as a function of
the temperature. It is therefore necessary in such ar-
rangements to provide a regulator which maintains the 30
effective path length or “optical distance” between the
fiber end and the mirror constant.

OBJECT AND SUMMARY OF THE INVENTION

Based on this state of the art, it is an object of the 35
present invention to provide a light modulator having
modulating properties which are comparable to those of
prior devices but which does not require maintaining a
length constant.

The present invention i1s distinguished by great sim- 40
plicity and operates in a highly sensitive manner. Thus
it constitutes an excellent modulator of the species of
optical reflection modulators with movable minor sur-
faces.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described mn detail below by
way of example in the specification read in conjunction
with the drawings, in which:

FIG. 1(a) is a schematic view of a first embodiment of 50
a modulator according to the present invention in a first
state;

FIG. 1(b) is a schematic view of a first embodiment of
a modulator according to the present invention in a
second state:

FIG. 2(a) is a schematic view of a second embodi-
ment of a modulator according to the present invention
in a first state; and

FIG. 2(b) 1s a schematic view of a second embodi-
ment of a modulator according to the present invention
in a second state.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1(a) and 1(b) are principal optical lateral views
of a first preferred embodiment of a light modulator 11
in two different states, respectively. Light reaches the
light modulator 11 via an optical fiber 13, which 1is, {for
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example, a monomode glass fiber. At the end of the
fiber 13, the light emerges at a light exit point 14, widens
conically in a known manner and reaches a mirror 19.
This mirror 19 is preferably a highly reflecting foil
which, for example, 1s tightly stretched circularly in a
holder 20. The reflecting property is preferably ob-
tained by applying a metal layer using vacuum evapora-
tion.

The mirror foil can be flat (FIG. 1(@)) or, looking in
the direction of the light beam, concave (FIG. 1(b)).
This corresponds to two basically different states of the
mirror 19.

If the surface of the mirror 19 is flat (F1G. 1(a)), the
reflected light diverges and only a minimal part of this
light returns to the light exit point 14. Thus, the back-
directed flow of light into the optical fiber 13 is very
small.

However, if the surface of the mirror 19 1s concavely
curved (FIG. 1(b)), i.e. if it has the approximate shape of
a spherical section, the spherical center of which coin-
cides with the light exit point 14 of the optical fiber 13,
each partial beam is exactly reflected back onto itself.
Thus, a large portion of the reflected light returns to the
point 14 and thus can again enter the optical fiber 13.
The back-directed flow of light in the fiber 13 is there-
fore large.

A modulation or intensity change of the reflected
light beam 1s thus made possible by the described
change of the different states of the mirror 19. For this
purpose the modulator 11 has a substrate 22, the surface
of which, embodied as an electrode 24, is disposed par-
allel close to, but not touching, the mirror foil. To-
gether, the metallic mirror layer and the electrode 24
form a plate-shaped capacitor. This capacitor can be
electrically charged in various ways. These are repre-
sented 1n the figure by a voltage source 26 connected
across the electrode 24 and the holder 20, which in this
example is conductive and in electrical contact with the
metal foil. In the course of charging, electrostatic forces
appear between the substrate 22 and the mirror 19.
These forces cause a spherical arching of the mirror foil.
This means that instead of its flat shape, the mirror takes
on the form of a spherical section. The resulting con-
cave shape 1s achieved when the mirror 19 and the
electrode 24 are connected to different potentials, i.e. if
there 1s an electrnical potential between them which
pulls the mirror 19 toward the substrate 22.

FIGS. 2(a) and 2(b) show a second embodiment of a
modulator 11 according to the present invention. In
contrast to the first embodiment of the modulator 11 in
accordance with FIGS. 1{(¢) and 1(b), the modulator 11
of FIGS. 2(a) and 2(b) has a focusing lens 16. This 1s
disposed between the optical fiber 13 and the mirror 19
in such a way that it 1s located symmetrically in respect
to the optical axis 15 and one of its foci coincides with
the light exit point-14 of the fiber 13. The lens 16 colli-
mates the light beam which divergently exits the fiber
13. This parallel light beam strikes the mirror 19 orthog-
onally.

If this mirror 19 has a flat mirror surface in accor-
dance with FIG. 2(a), the stniking light beam 1s com-
pletely reflected back onto itself by the reflection. Thus
it enters the optical fiber 13 again in the reverse direc-
tion essentially without attenuation. However, if the
mirror 19 has a concavely arched surface, looking in the
beam direction, the reflected light beam converges. The
amount of light which reaches the optical fiber 13 will
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be determined by the relative dimensions and spacings
of the elements in the system and by the laws of geomet-
rical optics. However, in any case only a small fraction
of the emerging light again enters the optical fiber 13.

The modulator 11 in accordance with the invention is
basically distinguished in that it has a flexible mirror 19
which in itself can be deformed. This mirror can be
brought into at least two different states. In one of these
states, the light emerging from the optical fiber 13 is
reflected almost completely back into this fiber in ac-
cordance with the laws of geometrical optics. In the
other state, however, the light is predominantly distrib-
uted in such a way that only a small portion of this light
gets back into the optical fiber 13.

Thus, the modulator 11 functions simply in accor-

dance with the laws of geometrical optics. By means of

this 1t is possible without any problem to recite other
variants, in that it is determined in pairs, which mirror
shapes, flat, slightly concave, highly concave, convex,
etc., are assigned to which states. None of the optical
distances or measurements is particularly critical.

It 1s advantageous to produce the mirror foil as an
etched diaphragm. Such diaphragms can be produced
relatively without problems by directed etching of
doped semiconductors, for example silicon mono-crys-
talline disks with suitable pn-doped layers. By vacuum-
evaporation of metallic layers it is then possible to
cream the mirror properties as well as the electrode for
applying the electrostatic voltages which cause the
deflection of the mirror 19. In this way it is possible in
a cost-effective manner to produce very small and com-
pact modulators 11, which operate dependably up into
the MHz range. Triggering of such modulators 11 re-
quires only relatively low voltages and almost no cur-
rent. However, 1t is also possible to provide an inte-
grated coil with the foil through which a control cur-
rent can flow.

Furthermore, piezoelectric material can be used as
the base for a controlled deflection of the mirror 19.

The modulators 11 described up to now are based on
a reflection of the light emerging from the optical fiber
13 back mto this fiber. Therefore they are reflecting
modulators. However, it is easily possible to cause the
reflection back into a second optical fiber through a
small change of the optical conditions. In this case it is
possible to modulate a light beam continuing from one
to another optical fiber, or to switch it digitally to
“light/dark”.

What is claimed is:

1. A modulator for modulating the intensity of a light
beam leaving an optical fiber along an optical axis, said
modulator comprising;:

a mirror means arranged on said optical axis for se-
lectably directing said light beam, said mirror
means including a flexible mirror which can be
brought into at least a first state in which said light
beam 1s mainly reflected in a direction back toward
and 1nto said optical fiber, and a second state, dif-
ferent from said first state, in which said light beam
mainly is not reflected in a direction back toward
and into said optical fiber.
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2. A modulator in accordance with claim 1, wherein
said mirror 1s flat in one of said first and second states
and spherically arched in the other of said first and
second states.

3. A modulator in accordance with claim 2, wherein
satd mirror in said other of said first and second states is
concavely arched in the shape of a spherical section and
1s disposed in such a way that the center of the sphere
corresponding to said spherical section coincides with a
point at which said light beam exits said optical fiber.

4. A modulator in accordance with claim 2, further
comprising a focusing lens between said optical fiber
and said mirror, one of the foci of said focusing lens
coinciding with a point at which said light beam exits
said optical fiber, and wherein said mirror is arched
concavely in said second state.

>. A modulator in accordance with claim 1 wherein
sald murror comprises a layered metal diaphragm, and
wherein said modulator further comprises:

a substrate associated with said diaphragm, and

means, in electrical contact with said diaphragm and
said substrate, for applying an electrical control
voltage between said diaphragm and said substrate.

6. A modulator in accordance with claim 1, wherein
sald mirror 1s disposed on a piezoelectric material.

7. A modulator for modulating the intensity of a light
beam passing through an optical fiber, said modulator
comprising:

a light exit and input point at an open end of said

optical fiber;

a supported, tlexible diaphragm with a metallic coat-
ing for reflecting the light beam leaving said optical
fiber, and *

an electrical control for influencing the geometrical
shape of said diaphragm,

wherein in one geometrical shape the diaphragm
forms a mirror plane intersected by said light beam
essentially orthogonally and at a middle portion of
said mirror plane, and in another geometrical shape
forms a spherical mirror with a focal point influ-
enceable by said control to essentially coincide
with said light exit and input point.

8. A modulator in accordance with claim 7, wherein
additionally a focusing lens is provided, said lens being
disposed between said light exit and input point and said
diaphragm in such a way that the focal point of said lens
essentially coincides with said light exit and input point.

9. A modulator in accordance with claim 7, wherein
said electrical control is a unit operating electrostati-
cally with two electrodes.

10. A modulator in accordance with claim 7, wherein
said electrical control is an unit operating electrody-
namically with a control coil mechanically coupled
with said diaphragm.

11. A modulator in accordance with claim 7, wherein
said electrical control is an unit built up with a piezo-
electrical element mechanically coupled with said dia-
phragm.

12. A modulator in accordance with claim 7, wherein

sald diaphragm is an etched semiconductor element.
* % * * -
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